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(54) ETCHING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a very accurate silicon 
isotropic etching method which is capable of easily controlling an 
etching volume, obtaining an etched surface high in specular 
properties, and enhancing a selection ratio. 

SOLUTION: When a prescribed pattern is formed on the surface of 
a prescribed silicon member 11, the silicon member 1 1 is arranged 
in a processing tank 12, which contains an etching solution 13 with 
its etched surface vertical or nearly vertical to the liquid level of 
the etching solution 13. While the etching solution 13 is kept in a 
stationary state, the silicon member 1 1 is rotated at a low speed 
around an imaginary center line which extends vertical to its 
surface passing through its center. 
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CLAIMS 



[Claim(s)] 

[Claim 1]In a processing tub which faces forming a predetermined pattern in a predetermined silicon 
member surface, and contains an etching reagent, Maintaining [ having arranged so that the surface of the 
silicon member concerned to be etched may be vertical or may serve as an abbreviated perpendicular to an 
oil level of the etching reagent concerned, and ] the etching reagent concerned to a state of rest. An 
etching method rotating the silicon member concerned with a low speed centering on a hypothetical center 
line which passes along the central part of the silicon member concerned, and intersects perpendicularly to 
the silicon member surface concerned. 

[Claim 2]The etching method according to claim 1, wherein the silicon member concerned is a silicon 
substrate. 

[Claim 3]The etching method according to claim 1 or 2, wherein a predetermined pattern formed in the 
silicon member surface concerned is a pattern in which the pattern part pars basilaris ossis occipitalis 
concerned is formed in the uniform surface at least. 

[Claim 4]The etching method according to claim 1 or 2 with which a predetermined pattern formed in the 
silicon member surface concerned is characterized by the depth of the pattern part concerned being 50 
micrometers at least. 

[Claim 5]The etching method according to claim 3, wherein the pattern concerned has a bend where a pars 
basilaris ossis occipitalis of the pattern concerned has uniform curvature. 

[Claim 6]The etching method according to any one of claims 1 to 5 setting revolving speed of the silicon 
member concerned as 20 rpm or less. 

[Claim 7]The etching method according to claim 6 setting revolving speed of the silicon member concerned 
as 1 rpm or less. 

[Claim 8]The etching method according to any one of claims 1 to 7 stirring the etching reagent concerned 
at the time of an etching process. 

[Claim 9]The etching method according to any one of claims 1 to 8, wherein an etching reagent constituted 
as it comprises fluoric acid, nitric acid, and acetic acid and a ratio of quantity of fluoric acid and nitric acid 
is in the range of 1:2-1:30 is used for the etching reagent concerned. 

[Claim 10]The etching method according to claim 9, wherein the mixture ratio of each ingredient in the 
etching reagent concerned is 1 to 50% or less of fluoric acid, 1 to 90% or less of nitric acid, and 1 to 90% or 
less of acetic acid. 

[Claim 11]The etching method according to any one of claims 1 to 10, wherein the etching process 
temperature concerned in the etching process concerned is set as arbitrary temperature of a before [ from 
a coagulating point of the etching reagent concerned / the boiling point ]. 

[Claim 12]The etching method according to any one of claims 1 to 1 1, wherein a mask material used in the 
etching process concerned comprises an oxidizing film. 

[Claim 13]The etching method according to any one of claims 1 to 12 constituting material etc. of a 
substrate holder and an etching-reagent tub holding silicon used in the etching process operation 
concerned, and an actuator using an acid-proof material. 

[Claim 14]The etching method according to any one of claims 1 to 13 carrying out the etching process of 
two or more silicon members simultaneously. 

[Claim 15]In a processing tub which faces etching the whole surface of a predetermined silicon member 
surface uniformly, and contains an etching reagent, Maintaining [ having arranged so that the surface of the 
silicon member concerned to be etched may be vertical or may serve as an abbreviated perpendicular to an 
oil level of the etching reagent concerned, and ] the etching reagent concerned to a state of rest. An 
etching method rotating the silicon member concerned with a low speed centering on a hypothetical center 



line which passes along the central part of the silicon member concerned, and intersects perpendicularly to 
the silicon member surface concerned. 

[Claim 16]In a processing tub which faces removing remains distortion of a predetermined silicon member 
surface, and contains an etching reagent, Maintaining [ having arranged so that the surface of the silicon 
member concerned to be etched may be vertical or may serve as an abbreviated perpendicular to an oil 
level of the etching reagent concerned, and ] the etching reagent concerned to a state of rest. An etching 
method rotating the silicon member concerned with a low speed centering on a hypothetical center line 
which passes along the central part of the silicon member concerned, and intersects perpendicularly to the 
silicon member surface concerned. 

[Claim 17]The etching method according to claim 15 or 16, wherein revolving speed sets the silicon 
member concerned as 20 rpm or less. 

[Claim 18]The etching method according to any one of claims 15 to 17, wherein an etching reagent 
constituted as it comprises fluoric acid, nitric acid, and acetic acid and a ratio of quantity of fluoric acid 
and nitric acid is in the range of 1:2-1:30 is used for the etching reagent concerned. 
[Claim 19]The etching method according to claim 18, wherein the mixture ratio of each ingredient in the 
etching reagent concerned is 1 to 50% or less of fluoric acid, 1 to 50% or less of nitric acid, and 1 to 90% or 
less of acetic acid. 

[Claim 20]The etching method according to any one of claims 15 to 19, wherein the etching process 
temperature concerned in the etching process concerned is set as arbitrary temperature of a before [ from 
a coagulating point of the etching reagent concerned / the boiling point ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to an etching method. 

Formation of the fine structure body of the silicon using a silicon isotropic etching method and 
the smooth surface are especially related with the silicon etching method used for removal of 
formation or remains distortion, etc. in detail. 

[0002] 

[Description of the Prior Art]Conventionally, the isotropic etching method of silicon is known as 
an etching method which can create the arbitrary shape (for example, circular, semicircular 
shapes, an ellipse form, etc.) independent of the crystal orientation of silicon by using the mixed 
liquor of fluoric acid, nitric acid, and acetic acid for an etching reagent. 
[0003]Nitric acid reacts to silicon and this fluoric acid-nitric acid system etching reagent 
generates silicon oxide, and since fluoric acid etches that silicon oxide, it carries out isotropic 
etching of the silicon. 

[0004]However, an etch rate and an etching surface state change with rates of the mixture ratio 
of 3 liquid to apply, and since these control is difficult, it is common to be used for removal of 
remains distortion performed after machining of silicon, scooping out of silicon, etc. generally. 
[0005]These days, the isotropic etching art for fine structure body formation attracts attention 
with development of micro-machining art. For example, in development of medical-application 
minute chemical-analysis apparatus, the channel for connecting the extracted blood to an 
analytical instrument is needed. 

[0006]In order to form the starting detailed slot and to etch silicon, an anisotropic etching 
technique with a different etch rate to the crystal orientation of a silicon substrate is raised 
besides an isotropic etching method. 

[0007]However, it is known that behavior of flowing fluid is deeply related in the shape of a 
channel in a fine channel. 

Since the channel formed by an anisotropic etching technique is V type-like, it is expected that 
pressure loss when water is poured becomes large. 

[0008]Then, the isotropic etching method passage cross section shape can acquire semicircle 
shape is studied now. 

[0009]In formation of such a fine structure body, since a mirror plane is acquired and it is 
necessary to perform etching in which stable etching is possible, the etching reagent of various 
presentations is shown from the former. 

[0010]For example, the etching reagent of 1% - 20% of fluoric acid, 60% - 90% of nitric acid, and 
10% - 30% of acetic acid is usually used in the mixed range of 3 liquid. 

[001 1]in order [ however, ] to improve the problem which starts actually since a rough surface 
occurs even when the applied mixture ratio is used — a way — the **** etching method is 
examined. 

[0012]That is, drawing 7 is the general method of etching such silicon. 
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The silicon crystal (a silicon wafer or a silicon block) 71 is installed in the treatment bath tub 72 
into which the etching reagent 73 was poured vertically or horizontally, and is etched into it. 

[0013] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional 
etching method, by the method of etching using the etching reagent of a fluoric acid-nitric acid 
system of typical composition ratio. Since the etching operation of the silicon oxide by fluoric 
acid was large and etching was not stabilized, it was difficult to obtain control of the quantity to 
etch, shape maintenance of silicon, or mirror plane nature. 

[0014]In the distortion removal of silicon currently generally performed. From the etch rate of 
the portion which required especially the machining side, i.e., stress, becoming quick. Since an 
etching surface did not become uniform, but the roughness of an etching surface became intense 
when each mixture ratio in mixed etchant of the 3 further above-mentioned liquid is not suitable, 
after stress relief, it needed to be undistorted ground for making an etching surface uniform. 
[0015]When detailed channel formation was performed on a silicon member, by the roughness of 
such an etching surface, resistance became large and a highly precise channel was not able to 
be formed. 

[0016]On the other hand, when carrying out pattern formation using the isotropic etching 

method, it is known besides problems, such as roughness of the etching surface by selection of 

the rate ratio of composition ratio, that the problem of unusual etching will occur. 

[001 7] Drawing 8 (A) is a schematic diagram when the silicon member 82 by which pattern 

formation is carried out as the silicon mask material 81, such as an oxidizing film, is installed 

vertically and etched to an etching reagent, and drawing 8 (B) by an etching process. It is a 

schematic diagram of a pattern section showing unusual etching to generate. 

[0018]That is, if etched isotropic, although the silicon member 82 is etched into shape as shown 

in the semicircular state 83, the etching quantity of the actual pattern 84 of the pattern upper 

part will increase, and semicircle shape will not be formed. 

[0019] Drawing 9 is the graph which showed the etching state of the pattern at the time of 
unusual etching. The black seal impression 91 and the white seal 92 show the etching quantity to 
progress of the etching time of the pattern upper part and the bottom obtained in the etching 
process operation by the conventional method, respectively, and it is shown that uniform etching 
is not carried out inside a pattern. 

[0020]Although mentioned later, When the etching process in this invention is performed, the 
graphs 93 and 94 in drawing 9 , The etching quantity 93 to progress of the etching time in the 
pattern upper part and the etching quantity 94 to progress of the etching time of the same 
pattern bottom show that it becomes equal substantially. 

[0021]That is, in the Prior art, since such unusual etching occurred, it was difficult to acquire a 
uniform etching surface also in silicon etching etching of remains distortion removal etc. in an 
isotropic etching method. 

[0022] Drawing 10 (A) is a schematic diagram when the silicon member 102 by which an etching 
process is carried out is installed horizontally and etched to an etching reagent, and drawing 10 
(B) is a schematic diagram of the pattern in which unusual etching then generated is shown. 
[0023]Namely, after arranging the mask 101 which has a proper pattern in the silicon member 
102, It is only becoming shape as the etch rate of Morozumi of a pattern pars basilaris ossis 
occipitalis shows as the solid line 104 quickly, and unusual etching produced when the mask 101 
concerned of the silicon member 102 concerned installs horizontally to the oil level of the 
etching reagent concerned did not become the semicircular state ideal pattern 103. 
[0024]The etch rate of the silicon 102 whole and the pattern dependence to which an etch rate 
becomes slow, so that it decreases to 1/2 and an etching surface becomes large rather than the 
time of installing a substrate vertically were generated. 

[0025]Since the rate of flow of the etching reagent of the outside of a substrate will become 
larger than the inside in speed if it etches using the stirrer 1 12 and the stirring bar 113 like 
drawing 1 1 , performing stirring and mixing of an etching reagent, an etching surface is influenced 
by the rate of flow, Not less than a maximum of 10-micrometer etching unevenness occurred, 
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and it was ruined. 

[0026]Unusual etching became large when an arrow direction was made to rotate the whole 
substrate like drawing 12 . 

[0027]It seems that the above problem arose from saying that mixing of an etching reagent is 
not uniform enough on the silicon surface which the chemical reaction of etching produces (how 
to carry out operations, such as the rate of flow of an etching reagent and a metabolic turnover, 
is uneven). 

[0028]For example, when a silicon substrate was vertically stood like drawing 8 , in the pattern, 
the concentration of fluoric acid was smaller than the concentration of nitric acid, in the 
direction of the substrate upper part, the concentration of fluoric acid became large, and silicon 
etching speed became larger than the bottom (in an example, the chemical reaction of fluoric 
acid is a reaction which carries out rate-limiting). 

[0029]In the pattern formation using isotropic etching, that a selection ratio (etch rate of silicon 
etching speed / silicon mask material) other than unusual etching is small poses a problem. 
[0030]Generally, although the oxidizing film was used from the point of a process with simple 
silicon mask material, and low cost, since 1 micrometers or more of oxidizing films were not able 
to be formed, the etching quantity of silicon was determined. For example, when an oxidizing film 
is made into silicon mask material, the selection ratio is known as a value about with common 
about three. 

[0031]When performing silicon etching from the above result using the conventional silicon 
isotropic etching art, it was difficult for generating of unusual etching, the unevenness of etching 
surface accuracy, and a selection ratio to perform highly precise etching and pattern formation 
from causes, like it is small. 

[0032]ln the silicon etching using the isotropic etching method of conventional silicon, if a 
pattern is formed, ** unusual etching occurs and isotropic etching cannot be performed. 
** Since a selection ratio (etch rate of the etch rate / silicon mask material of silicon) was 
small, it was difficult to perform pattern formation not less than 50 micrometers deep. 
** In order to acquire a uniform etching surface, are performing the range of the composition 
ratio of an etching reagent using the etching reagent of 1% - 20% of fluoric acid, 60% - 90% of 
nitric acid, and 10% - 30% of acetic acid, but. Since there are very few rates of fluoric acid, an 
etch rate also becomes slow, and further, since fluoric acid is not fully mixed, an uneven etching 
surface is formed actually. 

[0033]According to the problem in the above-mentioned former, the silicon isotropic etching 
method using fluoric acid-nitric acid-acetic acid is suitable for neither the pattern formation (for 
example, micro passage) for which a pattern section needs semicircular shapes, nor the pattern 
formation which needs a depth of not less than 100 micrometers. 

[0034]On the other hand, JP,4-340226,A is rotated, carrying out independence maintenance of 
the semiconductor substrate, and the method of etching by making the semiconductor substrate 
under rotation concerned inject an etching reagent is indicated. 

[0035]However, in the starting well-known example, make it rotate at the high speed called 200- 
400 rpm, and the semiconductor substrate concerned the aim, Although the semiconductor 
substrate surface concerned is made to distribute uniformly the etching reagent made to inject 
like a spin coat system and it is in preventing generation of heat by replacing an etching reagent 
continuously, While a semiconductor substrate is immersed into an etching reagent, it is made to 
rotate, and about the method of forming a detailed pattern, it is unstated. 

[0036]JP,5-47739,A is rotated, holding a semiconductor wafer vertically in an etching reagent, 
and the etching method constituted so that an etching reagent might be further sprayed on the 
central part of the semiconductor wafer concerned is indicated. 

[0037]or [ however, / that the starting well-known example abolishes thickness unevenness for a 
semiconductor wafer ] — or, It is the purpose to process the thickness of the central part of a 
semiconductor wafer thinly, so that outside thickness may be thickened, while a semiconductor 
substrate is immersed into an etching reagent, it is made to rotate slowly, and about the method 
of forming a detailed pattern, it is unstated. 

[0038]Pour an etching reagent along a circular channel in the method of performing an etching 
http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fww... 2009/08/04 



JP,2000-340541 5 A [DETAILED DESCRIPTION] 



Page 4 of 10 



process, making JP,6-84881,A rotate a semiconductor wafer in the state where it was immersed 
at a level with an etching reagent, and. The method carried out as [ rotate / in the same 
direction as the direction at which the etching reagent concerned turns / a semiconductor 
wafer ] is indicated. 

[0039]However, in the starting well-known example, in order to perform uniform etching, relative 
mean velocity of an etching reagent to each part of a semiconductor wafer side is made uniform, 
and about the method of forming a detailed pattern, it is unstated. 

[0040]Therefore, it is adopting the etching method which the purpose of this invention improves 
the fault of the above-mentioned conventional technology, and can suppress the above- 
mentioned problem to the minimum, Control of easy etching quantity, the high etching surface of 
mirror plane nature, and the etching method that realizes improvement in a selection ratio and 
makes possible a highly precise silicon isotropic etching method are provided. 
[0041] 

[Means for Solving the Problem]This invention adopts technical composition which was indicated 
below in order to attain the above-mentioned purpose. 

[0042]Namely, as the 1st mode concerning this invention to a predetermined silicon member 
surface. In a processing tub which faces forming a predetermined pattern and contains an 
etching reagent, Maintaining [ having arranged so that the surface of the silicon member 
concerned to be etched may be vertical or may serve as an abbreviated perpendicular to an oil 
level of the etching reagent concerned, and ] the etching reagent concerned to a state of rest. It 
is the etching method constituted so that the silicon member concerned might be rotated with a 
low speed centering on a hypothetical center line which passes along the central part of the 
silicon member concerned, and intersects perpendicularly to the silicon member surface 
concerned. 

[0043]As the 2nd mode of an etching method concerning this invention, In a processing tub 
which faces etching the whole surface of a predetermined silicon member surface uniformly, and 
contains an etching reagent, Maintaining [ having arranged so that the surface of the silicon 
member concerned to be etched may be vertical or may serve as an abbreviated perpendicular 
to an oil level of the etching reagent concerned, and ] the etching reagent concerned to a state 
of rest. It is the etching method constituted so that the silicon member concerned might be 
rotated with a low speed centering on a hypothetical center line which passes along the central 
part of the silicon member concerned, and intersects perpendicularly to the silicon member 
surface concerned. 

[0044]As the 3rd mode in an etching method concerning this invention, In a processing tub which 
faces removing remains distortion of a predetermined silicon member surface, and contains an 
etching reagent, Maintaining [ having arranged so that the surface of the silicon member 
concerned to be etched may be vertical or may serve as an abbreviated perpendicular to an oil 
level of the etching reagent concerned, and ] the etching reagent concerned to a state of rest. It 
is the etching method constituted so that the silicon member concerned might be rotated with a 
low speed centering on a hypothetical center line which passes along the central part of the 
silicon member concerned, and intersects perpendicularly to the silicon member surface 
concerned. 
[0045] 

[Embodiment of the Invention]formation of the minute pattern in the former, and remains 
distortion removal — further, Since the homogeneity of etching and the etching surface where 
the outstanding etching surface (mirror plane nature is high) is acquired were made indispensable 
in etching processes, such as flattening of an etching treatment surface, necessity of the high 
precision isotropic etching art was carried out, but. since technical composition which was 
described above was used for the etching method concerned concerning this invention, it is 
possible to perform highly precise silicon isotropic etching, therefore a mirror plane or the good 
etching surface which has mirror plane nature extremely is acquired, and etching of uniform 
silicon of it was attained. 

[0046]On the occasion of pattern formation processing, for example, the detailed channel was 
faced forming on a substrate, a semicircle or the shape of a hall^ellipse of sectional shape 
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became possible, and when using this method further, the 100-micrometer—deep pattern 
formation also of ** also became possible. 

[0047]In remains distortion removal, since the whole silicon block was etched uniformly, the 

polishing process after etching has been skipped. 

[0048] 

[Example]Below, the composition of one example of the etching method concerning this 
invention is explained in detail, referring to drawings. 

[0049]That is, drawing 1 is a figure showing the composition of 1 concrete target of the etching 
method concerned concerning this invention. 

It faces forming a predetermined pattern in the surface of the predetermined silicon member 1 1 
among a figure, Maintaining [ having arranged so that the surface 14 of the silicon member 1 1 
concerned to be etched may be vertical or may serve as an abbreviated perpendicular to the oil 
level 15 of the etching reagent concerned in the processing tub 12 containing the etching 
reagent 13, and ] the etching reagent 13 concerned to a state of rest. It passes along the central 
part of the silicon member 1 1 concerned, and the etching method constituted so that the silicon 
member 1 1 concerned might be rotated with a low speed centering on the hypothetical center 
line 1 6 which intersects perpendicularly to the silicon member surface concerned is shown. 

[0050]As for the silicon member 1 1 concerned used in this invention, it is desirable that it is a 
silicon substrate. 

[0051]As for the predetermined pattern formed in the silicon member 11 surface concerned used 
in the etching method concerned in this invention, it is desirable for the pattern part pars 
basilaris ossis occipitalis concerned to be a pattern formed in the uniform surface at least. 
[0052]In the etching method concerned in this invention, 50 micrometers of depth of the pattern 
part concerned of the predetermined pattern formed in the silicon member 1 1 surface concerned 
are not less than 100 micrometers desirably at least. 

[0053]As for the pattern concerned, in the etching method concerned concerning this invention, 

it is preferred that the pars basilaris ossis occipitalis of the pattern concerned has a bend which 

has uniform curvature, for example as shown by the dotted line 83 in drawing 8 (B). 

[0054]On the other hand, in the etching method concerned in this invention, the revolving speed 

of the silicon member 1 1 concerned needs to set it as super-low-speed rotation of 20 rpm or 

less, and, as for revolving speed, the silicon member concerned is preferably set as 1 rpm or 

less. 

[0055]That is, in this invention, conversely, the conventional method is allotted in the direction 
which intersects perpendicularly with the oil level of the etching reagent concerned, and rotates 
the etching surface of the silicon member which contains the silicon semiconductor substrate 
concerned in the etching reagent made to stand it still with slow revolving speed. 
[0056]In this invention, if needed, a proper stirring means is used and the etching reagent 
concerned is stirred at the time of an etching process. 

[0057]In the etching method concerned which starts this invention on the other hand, the 
presentation of an etching reagent and its mixing ratio are important. 

[0058]That is, as for the etching reagent concerned used with the etching method concerned 
concerning this invention, it is preferred to comprise fluoric acid, nitric acid, and acetic acid, and 
it is still more desirable to be constituted as the ratio of the quantity of fluoric acid and nitric 
acid is in the range of 1:2-1:30. 

[0059]As for the mixture ratio of each above-mentioned mixed ingredient in the etching reagent 
concerned used with the etching method concerned in this invention, it is desirable to be set up 
so that it may become 1 to 50% or less of fluoric acid, 1 to 90% or less of nitric acid, and 1 to 
90% or less of acetic acid. 

[0060]As for the etching process temperature concerned in the etching process concerned 
concerned in this invention, it is preferred to be set as the arbitrary temperature of a before 
[ from the coagulating point of the etching reagent concerned / the boiling point ]. 
[0061 ]As for the mask material used in the etching process concerned on the other hand, it is 
desirable to comprise an oxidizing film. 
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[0062]As for the material of the substrate holder and etching-reagent tub holding the silicon 
used in the etching process operation concerned, and an actuator, constituting using an acid- 
proof material is also preferred. 

[0063]Below, the concrete target of the etching method concerned concerning this invention is 
explained more in the form of an example at details. 

[0064] Drawing 1 is a key map of the etching method of a silicon etching crystal when the etching 
reagent of the optimal mixture ratio of 3 liquid of fluoric acid, nitric acid, and acetic acid is used. 
[0065]In this invention, the silicon member 11 is vertically installed in the organ bath 12 in which 
the etching reagent 13 is poured in to an oil level, and it is etched, rotating to an arrow direction. 

[0066]In order to prevent stagnation and the concentration change of an etching reagent 
because silicon member 1 1 self rotates, and to also perform churning of the whole etching 
reagent further, uniform silicon etching and highly precise pattern formation became possible. 
[0067]The graph 93 of the rhombus seal shown in drawing 9 and the graph 94 of x seal are 
graphs which showed the etching state inside a pattern, respectively. 
It is shown that the inside of a pattern is etched uniformly. 

[0068] Drawing 2 is the graph which compared the selection ratio of the method 21 of installing 
silicon vertically, and rotating and etching, the method 22 of installing vertically and etching, and 
the method 23 of installing horizontally and etching. 

By making it rotate in the state where the etching surface of the silicon member 1 1 was made to 
intersect perpendicularly to an oil level shows that the etching reaction is performed the optimal. 

[0069]The range of the mixed liquor of an etching reagent is expanded at the same time the 
etching surface outstanding by using this method is acquired. 

[0070]In order to acquire a uniform etching surface, the range of 1% - 20% of fluoric acid, 60% - 
90% of nitric acid, and 10% - 30% of acetic acid was used for the rate ratio of the etching reagent 
of 3 liquid, but. Since it was very small compared with nitric acid, the quantity of fluoric acid was 
suitable for etching of the minute pattern, but since the etch rate was slow for the other use, it 
was unsuitable. 

[0071]By installing the silicon member 1 1 vertically and making it rotate in this invention, Since 
an etching reaction promotes, if it is 1 to 50% or less of fluoric acid, 1 to 90% or less of nitric 
acid, and 1 to 90% or less of acetic acid and the ranges of the ratio of the quantity of fluoric acid 
and nitric acid are 1:2-1:30, the mixture ratio of an etch rate, The etch rate was quick and it 
became clear that etching which was excellent in profile irregularity could be performed. 
[0072]The result compared with the presentation of the conventional etching reagent and its 
mixing ratio is shown below here about the presentation of the etching reagent used for this 
invention, and its mixing ratio. 

[0073]As a typical thing, it is a thing of HF:HN0 3 :CH 3 COOH = 1:3:8 among the etching reagents 
concerned generally known for literature etc. from the former. 

[0074]If it is processed by the starting composition ratio, a creter and a wave occur in an 
etching surface and an etching surface cannot become uniform easily. For the reason, it is not 
suitable for micro processing. 

[0075]As another conventional example, the thing of HF:HN0 3 :CH 3 COOH = 2:5:3 is known, for 
example. 

[0076]However, the etching reagent of the starting composition ratio is mainly used for that of 
******** in silicon. 

Therefore, the etch rate was quick, the processed surface surged easily, and, as a result, there 
was a problem said that a processed surface cannot change easily uniformly. 

[0077]The example of a presentation of the etching reagent used on the other hand in order to 
carry out micro processing of the silicon in this invention is HF:HNO 3 :CH 3 COOH=1-20%:60- 
90%: 10-30%. 
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[0078]That is, although it was difficult for performing micro processing, such as pattern 
formation, in the composition ratio of the above-mentioned conventional etching reagent, it was 
in rotating a wafer and it became easy to control a cage etching surface of etching at ******. 
[0079]As a result, even if it does not use the composition ratio by this invention, when pattern 
formation became possible, it becomes processible on the conditions that an etch rate is quick. 
[0080]However f when the composition ratio of above-mentioned this invention was used rotating 
a wafer as in this invention, it became clear that the further outstanding etching surface or 
pattern formation became possible. 

[0081]Therefore, when forming the semicircular state channel etc. which have a detailed pattern, 
especially a curved surface, it is desirable to use the composition ratio of the etching reagent 
concerning above-mentioned this invention. 

[0082]The etching method concerning above-mentioned this invention has an effect in etching of 
remains distortion removal etc., and the etch rate became about 16 times in the maximum of the 
range which experimented. 

[0083]Since it excels in mirror plane nature and the whole silicon can be uniformly etched by 
choosing the etching reagent of this mixture ratio within the limits, the polishing process after 
etching can be skipped. 

[0084]In formation of the minute pattern, pattern formation with a conventionally impossible 
depth of not less than 100 micrometers became possible from the etch rate of silicon improving 
by using this method, and a selection ratio improving, and the formation of the channel of 
semicircle shape of a section was attained in the fine channel. 

[0085]As for the revolving speed of silicon, although it changes with a use or rates of each liquid 
of an etching reagent, when performing highly precise etching, it is desirable to carry out 1 rpm 
or less preferably 20 rpm or less. 

[0086]In order to raise an etch rate, may raise etching temperature from ordinary temperature to 
the neighborhood by about 60 degrees, but. If an etch rate rises, it will be ruined and a wave etc. 
will occur, but. By carrying out substrate rotation, since it was possible the granularity of an 
etching surface and to suppress a wave to the minimum, it is a short time in the thing of mixed 
liquor which the temperature of an etching reagent and rotation of silicon choose comparatively, 
and uniform etching was attained. 

[0087]Since etching reactions differ when carrying out silicon isotropic etching by arranging and 
rotating the etching surface of the silicon member 1 1 concerned in an etching reagent in this 
invention so that it may intersect perpendicularly to the etching-reagent side concerned, Rather 
than the case where it installs horizontally, since circulation of the liquid to a pattern surface 
side is fully performed, an etch rate is quick and etching dispersion does not arise in the central 
part and a lateral part. 

[0088]The state of an etching surface and the shape of a pattern which are formed are 
influenced by the revolving speed of a wafer. 

[0089]Therefore, when the revolving speed of the silicon member 1 1 concerned is not less than 
20 rpm, in response to the influence of the rate of flow, the etch rate of a peripheral part 
becomes quick, etching unevenness will occur, and the shape of a pattern will also be distorted. 
[0090]Although a grade is small, since generating a little is experientially seen also in the range 
whose revolving speed of the silicon member concerned of this tendency is 20-1 rpm, it is 
preferred that the revolving speed of the silicon member concerned sets to 1 rpm or less. 
[0091 ]On the other hand, in the etching process concerned, when the revolving speed of the 
silicon member concerned is 0.01 rpm or less, there is no effect of rotating the silicon member 
concerned, and etching occurs above. 

[0092]Therefore, 0.01 rpm - 20 rpm of revolving speed [ 0.01 rpm - 1 rpm of] of the silicon 
member 1 1 concerned in this invention is 0.01 rpm - 0.09 rpm more preferably. 
Since it becomes possible to etch maintaining the mirror-finished-surface-form voice of an 
etching surface by adopting the applied revolving speed and is not influenced by the rate of flow, 
a state desirable to pattern formation is created. 

[0093]Even if it uses the mixture ratio of 1 to 50% or less of fluoric acid, 1 to 90% or less of nitric 
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acid, and 1 to 90% or less of acetic acid which is a range wider than the composition ratio of the 
etching reagent used for the conventional micro processing about the presentation of an etching 
reagent, it becomes possible to perform a uniform etching surface and pattern formation. 
[0094]To the mask material used by facing for on the other hand forming a predetermined 
pattern in the etching method concerned concerning this invention. It is necessary to use the 
material which can bear strong acid and a strong base, photoresist cannot be used, but, generally 
insulating materials, such as an oxidizing film and a nitride, a metal mask (especially the surface 
is a thing of Au), etc. are used. 

[0095] However, when using an oxidizing film and a nitride for the silicon isotropic etching which 
used fluoric acid-nitric acid-acetic acid as the etching reagent, The selection ratio (etch rate of 
the etch rate / silicon mask material of silicon) was low, and was not suitable for forming a 
silicon pattern not less than 50 micrometers deep. 

[0096]In the method of using the mask (for example, an oxidizing film/nitride) of composition of 
having combined some insulating materials, problems, like that ** process becomes complicated, 
that stress occurs to ** silicon, and ** selection ratio does not become so large have occurred. 
[0097]On the other hand, a metal mask is gold (Au). It becomes possible to enlarge a selection 
ratio by providing in the topmost part of metal composition, and since a process is also easy, it is 
suitable for silicon etching. 

[0098] However, if a metal is directly formed to silicon, since a metal will exfoliate by generating 
of the working distortion called hidden damage during etching, when it is a mask material of 
silicon etching, the combination of an oxidizing film/metal mask is preferred. 
[0099]ln this invention, pattern formation with a depth of not less than 300 micrometers 
considered to be conventionally impossible becomes possible with the combination of the above- 
mentioned rotary system of a silicon member and mask material. 

[0100]As other modes concerning this invention, the whole surface of a predetermined silicon 
member surface is faced etching uniformly, for example, Maintaining [ having arranged so that 
the surface of the silicon member concerned to be etched may be vertical or may serve as an 
abbreviated perpendicular to the oil level of the etching reagent concerned in the processing tub 
containing an etching reagent, and ] the etching reagent concerned to a state of rest. It is the 
etching method constituted so that the silicon member concerned might be rotated with a low 
speed centering on the hypothetical center line which passes along the central part of the silicon 
member concerned, and intersects perpendicularly to the silicon member surface concerned. 
[01 01] As another mode, it faces removing the remains distortion of a predetermined silicon 
member surface, Maintaining [ having arranged so that the surface of the silicon member 
concerned to be etched may be vertical or may serve as an abbreviated perpendicular to the oil 
level of the etching reagent concerned in the processing tub containing an etching reagent, and ] 
the etching reagent concerned to a state of rest. It is the etching method constituted so that 
the silicon member concerned might be rotated with a low speed centering on the hypothetical 
center line which passes along the central part of the silicon member concerned, and intersects 
perpendicularly to the silicon member surface concerned. 

[0102]In the above-mentioned mode in this invention, the silicon member concerned like the 
above-mentioned example revolving speed, It is desirable to set it as 20 rpm or less, and, as for 
the etching reagent concerned, it is preferred to use the etching reagent constituted as it 
comprises fluoric acid, nitric acid, and acetic acid and the ratio of the quantity of fluoric acid and 
nitric acid is in the range of 1:2-1:30. 

[0103]That they are also 1 to 50% or less of fluoric acid, 1 to 50% or less of nitric acid, and 1 to 
90% or less of acetic acid have the preferred mixture ratio of each ingredient in the etching 
reagent concerned. 

[0104]On the other hand, as for the etching process temperature concerned in the etching 
process concerned, it is preferred to be set as the arbitrary temperature of a before [ from the 
coagulating point of the etching reagent concerned / the boiling point ]. 

[0105]The example of the etching device in the case of performing the etching method which 
starts this invention below is explained still in detail with reference to drawings. 
[0106]That is, drawing 3 is the 1st example example in this invention. 
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[0107]In the etching device 31, it is 1 to 50% of fluoric acid, 1 to 100% of nitric acid, and 1 to 70% 
or less of acetic acid, and the etching reagent according [ the ratio of the quantity of fluoric acid 
and nitric acid ] to the mixture ratio of the range of 1:2-1:30 is poured into the treatment bath 
tub 34. 

The stirring bar 34a for agitating an etching reagent is installed in the pars basilaris ossis 
occipitalis, and revolving speed is controlled by the stirrer 34b. 

[0108]Etching-reagent Atsushi is controlled by the water bus 34c, can change solution 
temperature and can control an etch rate by the use to etch. 

[0109]With the substrate holder 32, to an etching-reagent side, it is fixed to an abbreviated 
perpendicular, and the etching process surface of the silicon crystalline 33 which is a silicon 
member can be attached with the principal axis 31a of the etching device 31, and is installed 
after attachment and in the etching organ bath 34. 

[01 10]The substrate holder 32 transmits for it and rotates the gear 31c by the motor 35a formed 
in the device. 

[01 11]Etching while carrying out manual rotation by installing the handle 35b for hand control 
instead of a motor is also attained. 

[01 12]After the end of etching, the silicon crystal 33 is removed with the substrate holder 32, 
moves to the cleaning tank 36, and is washed. 

[01 13]Actuators, such as the main part 31 of an etching device and the substrate holder 32 or 
the gear 31c, and the principal axis 31a, have a material excellent in strong acid-proof nature, for 
example, Teflon nature, or desirable vinyl chloride. The number of rotations of the stirring bar 
33a and a motor can be chosen as the use of silicon etching. 
[01 14] Drawing 4 is a figure showing the 2nd example in this invention. 

[01 15]In this example, it is the method of etching two or more silicon crystallines at once, and 
drawing 4 is a schematic diagram of ****. 

[01 16]Two or more silicon crystallines 43 are installed in the substrate holder 42 for two or more 
etching, It is installed in the principal axis 41a provided in the etching device 41 like the example 
1, and it supplies to the treatment bath tub 44 into which the etching reagent is poured, and 
etches by being transmitted and rotating the gear 41c by the motor 45a formed in the device. 
[0117]Etching while carrying out manual rotation by installing the handle 45b for hand control 
instead of a motor is also attained. Two or more silicon crystallines 43 can be etched at once by 
forming the water bus 44c which controls the stirring bar 44a for agitating an etching reagent, 
and the solution temperature of a stirrer 44b etching reagent. 

[01 18]After the end of etching, the silicon crystalline 43 is removed with the substrate holder 42, 

moves to the washing layer 46, and can be washed. 

[01 1 9] Drawing 5 is a figure showing the 3rd example in this invention. 

[0120]That is, this example is a schematic diagram about the device which etches the whole 
surface of silicon crystallines, such as a silicon block, uniformly. 

[0121]That is, the substrate holder 52 is [ the whole surface of the silicon crystalline 53 ] a 
mechanism in which only the angle side of the silicon crystalline 53 is suppressed so that may be 
etched. 

[0122]The substrate holder 52 which installed the silicon crystalline 53 is installed in the 
principal axis 51a provided in the etching device like the example 1, is fed into the organ bath 54 
in which the etching reagent is poured in, and etches by being transmitted and rotating the gear 
51c by the motor 55a formed in the device. 

[0123]Etching while carrying out manual rotation by installing the handle 55b for hand control 
instead of a motor is also attained. 

[0124]The silicon crystalline 53 can be etched at once by forming again the water bus which 
controls the solution temperature of an etching reagent by forming the stirring bar 54a and the 
stirrer 54b for agitating an etching reagent. 

[0125]After the end of etching, the silicon crystal 53 is removed with the substrate holder 52, 
moves to the cleaning tank 56, and can be washed. 

[0126j Drawing 6 is a figure showing the 4th example in this invention, and is a silicon wafer or a 
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schematic diagram about the mounting arrangement of the silicon block 62 and the substrate 
holder 61. 

[0127]The substrate holder 61 can be chosen from the substrate holders 61a, 61b, 61c, and 61 d, 
corresponding to the purpose of etching of a silicon wafer or the silicon block 62. 
[0128]Attachment with the silicon block 62 and the substrate holders 61a, 61b, 61c, and 61 d 
which consist of a silicon crystalline, How to fix the silicon crystalline 62 directly using the screw 
63 or the spring 64 etc. which sandwiched the stationary plate 65, In order to etch the silicon 
crystalline 62 whole, it is attached by the vacuum absorption using the method of etching the 
silicon crystalline 62 with the fixture 67, or the vacuum pump 66, etc. 

[0129]The material of the stationary plate 65, the screw 63, or the spring 64 has the preferred 
construction material which was excellent in strong acid-proof like the substrate holders 61a- 
61d. 

[0130]In the above-mentioned embodiment, although the case of a silicon wafer, the rotation 
method of a silicon block and a motor, or manual rotation was shown, if the same effect is 
acquired, it is realizable also by using the liquid flow which is air-driven and is agitated etc. 
Although the example using the gear as a drive transmission mechanism was shown, if the same 
effect is acquired, it is realizable also by methods, such as a direct drive, belt driving, and a chain 
drive. 
[0131] 

[Effect of the Invention]In this invention, since technical composition which was explained above 
was adopted, using the silicon isotropic etching method, the mirror plane or the good etching 
surface which has mirror plane nature extremely was acquired, and, according to this invention, 
etching of uniform silicon was attained. 

[0132]In this invention, in the detailed channel formation in pattern formation, sectional shape is 
the uniform shape of a semicircle or the shape of a half-ellipse, and the inner surface became 
possible [ obtaining a smooth channel ], and when using this method further, 100-micrometer— 
deep pattern formation also became possible. 

[0133]Since the etching method concerned concerning this invention was applicable also to 
remains distortion removal and it etched the whole silicon block uniformly, it has skipped the 
polishing process after etching. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]Drawing 1 is a figure for explaining the basal principle of the etching method by this 
invention. 

[Drawing 2]Drawing 2 is the graph which measured the etch rate by the etching method by this 
invention and conventional technology. 

[Drawing 3]Drawing 3 is a side view for explaining the composition of one example of the etching 
device by this invention. 

[Drawing 4] Drawing 4 is other examples of the etching device by this invention, and is the side 
views for explaining the composition of the device in the case of carrying out package etching of 
two or more silicon crystallines. 

[Drawing 5]Drawing 5 is a figure for explaining the composition of the device in the case of being 
another example of the etching device by this invention, and etching the whole silicon crystalline 
surface. 

[Drawing 6]Drawing 6 is a figure for explaining the mounting arrangement of a silicon crystalline 
and a substrate holder in this invention. 

[Drawing 7]Drawing 7 is a figure for explaining the etching method of the silicon crystalline in the 
former. 

[Drawing 8]Drawing 8 is a figure for explaining unusual etching produced with the conventional 
etching method. 

[Drawing 9]Drawing 9 is a figure for explaining the difference in the etch rate in the rate pattern. 
[Drawing 10]Drawing 10 is a figure for explaining unusual etching produced with the conventional 
etching method. 

[Drawing 1 1]Drawing 1 1 is a figure for explaining the conventional etching method of a silicon 
crystalline. 

[Drawing 12]Drawing 12 is a figure for explaining the etching method of the silicon crystalline in 
the former. 

[Description of Notations] 

1 1 — Silicon member 

12 — Etching-reagent tub 

1 3 — Etching reagent 

14 — Etching treatment surface 

15 — Etching-reagent side 

16 — Axis of rotation 

31, 41, 51 — Etching device 

31a, 41a, 51a — Rotary main spindle 
31c, 41c, 51c — Gear 

32, 42, 52a — Substrate holder 

33, 43, 53 — A silicon member, silicon crystalline 

34, 44, 54 — Etching^reagent tub 
34a, 44a, 54a — Stirring child 
34b, 44b, 54b — Stirrer 
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34c, 44c. 54c — Water bath 
35a, 45a, 55a — Motor 
35b, 45b, 55b — Handle 
36, 46, 56 — Cleaning tank 
52 — Fixture 



[Translation done.] 
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[0 0 1 0] WAtf % iMt3«©iI£IEffl*7vi!fl % 
-2 0%, SI3»6 0%~9 0%, ffi&l 0%~3 0%© 
x«yf-y^jS^ffll/->SnTI/>5. 

[0 0 1 1] LfrU ftSjg^JtftffifflLfcft^Tfes 

[0 0 12]B|l-&, B7«\ CdLfc^Uay^X-y?- 
y^*fT3-lftWa»aT?fet), S"J3yfiiB (5/ija 40 
y9x^$fc«->U=iy7D'y^) 7 lttUffyjHI 

[0 0 13] 

ffi«Ox-y^y^»ffic»i,^T, ftgiftaffljjEi±©7-y 

m-mm$i<Dx.y?yifmzm^?^v i J-y?-fzj3& 

T-«\ 7 «yKK ck SHIk^ y xi >©x y?y?ftm&* 
t<x«y^y^g^Lai/^ci6, x-y^y^-T?)«0 
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HL,frofc 0 

[0 0 14] X, -fitRfetlTVS^y 3y©g*P£ 

•y ^ y imm&m < a 3 c t e> , x >y ^ y snearas- 

K a 6 1\ £ £ £ JblB Lfc 3 $©S£x <y f - + > h fc 

# § * n^noiB^Jt^aa T*a t x >y ^ y 

?ffi©S!ntf*L »Sj£*ilfc*&fc:ttx x 

>y ^ y VWtn- Kf 3 fc J&©aft£MWSa<&BT£ o 

[0 0 15] ">U3ySM*±E«lfflafflEBHBfig 
*fr ei 5 Lfcx>y^y^®©^ntci 

est**** < a 5 c a 

[0 0 16] SftfttX'y*-ytf£a*JB^tV<* 

-y^fig-r ffldtJt©w^it©as?K: * 51 -y 
^y^ffi©mnaH©p^©^K:, gstx-y^y^t^ 

[0 0 1 7] 08 (A) «\ Mk^aifyy^yvx 
^#8 1 fcbT^*-y^ja*nTi/^2/y3>gp«8 

2 *x >y ^ y if® b TSlt t mS. L Tx -y y ^ L 
fcB#©1BlPfS®T'SD, 08 (B) X7fV^llt 
ioT, ^41-SHSx-y^y^^-r/^-yKil© 

[0 0 18] Ep-fe, SfTaWtx-y^yy^nsaS^ 
yynyg|5^8 2tt, *P3«8 3t^-T«iajB*ctx>y 

fy^nstf, hir©^^— >8 y©± 
<R!i©x«y^yyfi^<a»), *ni«»^ns 

[0 0 19] 09tig^X«y^y^R$lC:fctt5^#-y 
OX-vf^^i%gkfty-77T'fe5„ IEP9 1 t& 
EP9 2ti^n^n. Sf*©73jitcJ:5x«y^yysaaS 

K»t^T» e.ns % > ^-y ©±« t TiJ©x «y ^ y 

y^F^©gjitcMt5x>y^yyM*^LT*5*), 
-yrtgpt?iS-ax -y f-y ^^tiTv^a^e: t^Tjk l 

[0 0 2 0] ft&fftft a9£ftlt5^77 9 3 

tti> - y ©±d|t)^^ ^x -y f - y ^^©SiSte: 
WT5x-yf-y^S9 3 t. |^-^^-y©T{|lJ©X-y 
f-y^WFW©SifitJtr5xyf-y^M9 4 ttiUKW 

tc^L<a^»^^ffe©T'^§o 
[0 0 2 1] a£*©Kffit^^Tti, c:©ct3 

aS1»xy^y^f52fe-r««:i:^5, #73ttx -y^y 
^ffiTtt^ 8WS*»Sfti;©5/y 3 yxy^y^xy 
fyy - t^^t > ta-ftjivi-yfffizmzztim 

[0 0 2 2] SfcBlO (A) (is X7fV^$t^t 

t, x>y^y^ii^n^yy3ygwi 0 z^mz 

tSlL.TX-y^y^"Lfc^F©MBS0T*fe»3, 01 0 

(b) a\ ^©RfK^-rssmx-y^yy^-r^^ 



(4) 
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[0 0 2 3] BP'S* S^Jayattfl 0 2KWM.<OW- 

yeovx^ l o l tBBLfcffcfc, SK*>U3>W 
# i o zoMvxi' i o i A^ix-yfyMciI 

fcft bT*¥K:»II Lfc*£-fc± tSSflfx -y ^ 

[0 0 2 4] i/'Ja>-10 24#Ol7f>^i 

[002 5] 01 l©±3lcaj?»l 1 2£8«$ 

£x <y ?>7*ft o t S«® M8<Dx «y =f- y ?m<D 

[0 0 2 6] 24)J:9!c£K£tt&&Bttriqllc 
BK**fc*&ti\ S*x*yf-^W**<*ofc. 20 
[0 0 2 7] W±0HHH\ X-yf-y^fflttOfi^Xy 

[0028] m^mso^oici/v^yMW.^MMic 
iLXitttK.it, /W-yftKis^xy y&<om&ifi& 
*> fe^* < , s«©±«8©*a<7 -y^osa 

5) o 30 

[0029] myo^y^y^m^rc/^-ym^x 

[0 0 3 0] — ag^lCx >"J3yvx^tt, m%%7 

yox-yf-y^ati^^nri/^co ma* mwm 

Zi/Vay^XZtttLrcmcoMlRitlt, &3*Igtf- 

[0031] u±e&mfr& % tjasos/uriy^wttx 

•y f-yf&ffiZm^Xi' 'J n yx7f>^fT?«^ 

« % sufx-yf-y^oje^ x-vj-yvrnmrn®*® 

[0 0 3 2] Jgfc, «o->'Jny©f^ti7fy^ 

a> -y f - > lsw wax -y ryfwi * 

fo\ 50 
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© a&Jfc (^'Jnyox-y^y^iig/i/UnyvT. 
^©x-y^y^ilfi) iVhSt^fc, »«5 0/imtU: 

© i^-^x«y^y^*®^5fcJ6u:, xyf-y^SO 
MfiEit08SB£, 7-y$l%~20%, «K6 0%~ 9 
0%, 11% 1 0%~3 0 54OX7f>yi*fflWtTo 

31jgt>31<&»3> Mt, 7 ntvft 

l^fc* HBfctt^-fcxyf-^dWJ&SSn*. 
[0 0 3 3] ±EUfcfie*K:»»5P5jifcJ:oT, 7-y 

(ffilitf, v-f ?DgSS§) J?\ ^10 0 fimfiLh** 
[0 0 3 4] -73. <&m¥- 4-340226 ^&$gfc 

>y y r> 73 a tmm £ ntva o 

[0 0 3 5] ^L^a, ftsattWfcftUvCJi* 
¥?SttS«^2 0 0~4 0 0 r pmfc^3iSSn?II]&£ 
■&Sfe0T?fctK *<DEW4, fcltS-frfcx-yf-V^fc 

- y^ifMt 57? a £ m l x immft ^ 

[0 0 3 6] X, #fH¥5-4 7 7 3 9^$B£{±, ¥ 
Jift:^ x^^rx -y ^4)TSiS£'S^b*A' i ?.lH]$5 
■g&Ztnic. SR^BttSx'NO+iMHc* x>y^y 
^ft^MfcifttO^SfliCttfig^nfcXyf-y^S^ 

[0 0 3 7] ML&tfS, &3££gWi, 

gWT*&9> ¥#ttSfi*x-y^yy«ilJEaWLft# 

[00 3 8] MK» 1#l»¥ 6-8 4 8 8 1 #4>aKI4, 
^»(*«>x/N*xy?->yjKtj:*iF£jSaiLfcttlS-p|Hl 

niz&rsft^v+yvmmfttt&Ki&x, x-y^ 
> iri t ra-<D» iR)t¥#{*9 xM^iae 

[0 0 3 9] «SL4^6, «*4M9lWK»^Ttt» 
%X-y^y^fT?^tC^(*9xMap<0«gPfitWr 

T, Wffl%'W-yZBf£t%J;mKMLXimW.ff% 

[oo4o]fct, *«w©s«tt, ±Ebfc«e* 
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vi-yfrnvum. %m&<DM^v?y7m. mat 
*^mtt%^v?y?ii&zm&?%t><DT*&z> 0 

[0 0 4 1] 

[0 0 4 2] *%.WlC&%m 1 <Otmt LXIZ, 

tisu x-vi-yfWte-stsvmmfoK, m&v^v 
^*r©®x >y ^ > ^ssa^mx >y y rmcofcmztt 

ym*®±$.MictmLtct:$.x\ S8(S"J 

[0 0 4 3] X. *»Wt«5X'yf-y^S©S2<D 

»>y 3y®#<D®x.y?-y7mmbmm*vi- 

SU MilSx >y f-y^W*»ihtt«t«t»Lft £ £ T\ 

ay&tt*im&T'®&2&ZMlcMl£Znrc^y : ?-y 

[0 0 4 4] MtC, *^t^§x-v^y^*7?at^tt 

^**l»4-r«K:l6L, xy^^^Sr^trSaaffirt 
mmis v =i y^M^x. v=f-y ^BtfSiSx 7 f- 

HU aKxyf->^»*»±ttJBt8tfipLfe*ST\ 

3>a5tt*ffi3SfiTinK«-&sa»c«dt*nfcx'y^> 

[0 0 4 5] 

* if ox y ^ > wsmicmr it, x >v ^ > y <o j^-tt, 
•v *y nx^rct>\ *mnc#& srx 

OT\ 3>«^ttX«yf->^*tT 5$ffRl 

&x 7 5 n, i^J-^S/ "J n ><DX -y f - y y 

[oo4 6] ^-yj&aaayiteiBiLTtt* #'J* 
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£/S^fttf$£ 1 OO^mOA^-y^fepJtih^o 

fee 

[00 4 7] $ fc»eS*RI4T*«x ~> U 3 -y * 
[0 0 4 8] 

[0 0 4 9] 01ti x *^Cl5SiX7fV 

i/Ua^BWi 1©8E£* ffi%.<DAji-y%:B!$ l ?% 
KBU lyf^ffil 3*^tr«yi«i 2rtfc, SIS 
U 3 ygp# 1 1 ©ttx -y f - > y*® 1 4 ^Rx <y f- 

fcE-BU ^x-yfyy'iSii 3*»±«*fc«»L;fc 

v?yffltfmmzttLx\M.x-fz>&m^>bm 1 
[0050] *5EWt»Tffiffl*nsaK2/y 3>su» 

[0 0 5 1 ] X, *%BJillCj^^SSSx-y^>^^C 
^T$ffl£ft5Sgr>y:n:xgWi laffiKJgjS^n* 

[0 0 5 2] MtC, *»K(«SRx>yfyi^ffi 

icm^xit. m&i/v^tymt\ igffiKm&ztizm 

0(im, g$L<{4 1 0 0 fimttlffeSo 
[0 0 5 3] #^fc&5S!£x>y*;/^/££^T 

BI8 (B) (Cft(t«jAtS8 3T»^*nS«tC, J^-^ft 

[0 0 5 4] *»^K»*J-«aKx«yf-^^a 
CS^l^Tti, SK5"J3>«5*tl 1 OlelfEiififi, 2 0 

r p m&T(o®<m&®mcm%.t%mti i &mx'& k> . 
»$l<«\ %mz/0 3y$mz®mmmi, 1 r pm 

40 WTKR^-rSfcOTfcSo 

[00 5 5] O^O, *^^S*^T(4, fiaEO^Tffii: 

iMM*«S*dCS/U a>gW©x-yf>y'S*SKx 

[0056] *mifote^xit. jmhcjsct, aao 
[0057] ^ftWic&z^Wi^v^yfJjmc 

50 JH^Ttt, X7fy^lO»U*f©®^Jt$!t)lI 
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[0 0 5 8] 0*0, *«WKff*aKxyf->d^S 

flHre»JSSft-CV*3W#$L<, Mo. 7>y®£5i 
»Ofi©jt*3bM : 2-1 : 3 0<0Wtfe5ll:M 

[0 0 5 9] X, *fSWtC»^5SKx-vf : >^j*T 

#©g£Jttt* 7 v fk 1 ~ 5 0 %WT» 5811 l ~ 9 0 % 

wt» B»i-9o%aTfca:*ak:R3e*nT^** 10 

[0 0 6 0] #8ifJfcfctt3S&3Kxyf-:/^ffl 
Stents §ix >y ^SaSiafitt, Sl£x -y ^* 

[0 06 1] ^Mx>y^y?BS^S$VT{£ffl£ 
[0 0 6 2] Ht, SKx-yf-y^BajftflsfcKTffiflJ 

$nsy 'j n >&emt 5ii*;v^-&o"x7fyy 

[0 0 6 3] &Tfc, *»Wtfi6S^lSX'yf-y^S 

[006 4] HH77t ffift ffim<D 3 
S£J:t©x >y =}- y 9W&Mi W'>U3yi>yf^ 

IgSOX-yf-V^teiDSfcgtHTSSo 
[0 0 6 5] *»Wt»T, i/'JxiygWl 1J4. x-y 

EfcHKSft* fcBJ#fa»i:iHieL4#5x«y?-y? , £n 
3o 30 
[0 0 6 6] j/yn>aJt*l UtAWtSLtta 

m-£ft<DW.fti> fi 5 fcfte* y y xi yi >y ^y 

[0 0 6 7] 09t^nTI/^gJg01(O^7 9 3t 
xEp©^7 9 4f±, ZtlZtV**— ytDfctfHDX.yl- 

x-y^y^Sft-tvac: t^LTi/^. 

[0 0 6 8] $fcEI2H\ ">yn>*SB[KH:IILTfi 
o@(s*-a-Txyf-y^-rs^S2 1, SittlSHLT 40 
x-y^y^*-r§73S2 2, *¥t»BUTx>yf->y-r 
5?3ffi2 3©3»?J±*Jt«Lfe^7-p*D, ~>y:ny 
SPM 1 1 ©xy^y^*jBfiEfcWLTfi$*#fcttffi 
THUS* •& * C fc J: D , x -y ^ y ^£(&WKlfcfTfc 

[0 0 6 9] C©7jj££ffl</''3<:£k: ±oT, (gnfcx 
•y f-y^ffitflf &ns i: IfPHc, x -y ^y ^»©fi^fflt 

©fEB#fc*rf?>o 

[0 0 7 0] X, iS-frx-y^y^M^fSftiMctis 
3 $©x y =f- y ifm<Dm^ltiC 7 -y M 1 % ~ 2 0 %, Ei 50 
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g6o%~9o%, Bfl&i o%~3 o%<o&m&f*m-$ 

[0 0 7 1] *^KS^V>T{i, S/»J3>»#1 l*g 

jfrscj:*^ x-y^>^aaojs^j±%7'yi6i~ 

5 0 %WTx 58$ 1 - 9 0 %WT> 1 ~ 9 0 % WT 
T'fro, 7v»i:5B8M>*0Jt*#l : 2—1 : 3 0© 

[0 0 7 2] ft»T», *5li£«ffl*n§X7fyM 
•To 

[0073] tE*fr6» -nawtiK^T-a&nTv^a 

^ISx-y^y^flg©^ tt£Wftfc<Di:l/tW\ 
HF : HNOj : CH3COOH = 1:3:8 

[0074] m&mi$.ltT-ljaj:tztx.vi-y>fffiictr 

[0 0 7 5] X, SU©Se*WfcbTl4, mtf, 
HF :HNO» : CH 3 C00H = 2:5:3 

[0 0 7 6] &3ffl$it©x>y^y?iS 
fck ±l;:'>ij3>'«< 5ft<OKf ffl«n«feot?J5 
0, ftoTX-y^y^ilJttfiK, tolffiA^teO^-T 

[0077] -75\ #?gBj^Tyy x7y£Mm!)^I-t 
3&K:teJl1-3x•y^y^r&©*§/£©^!'y^i, 

HF : HNO3 : CH 3 COOH= 1-2 0% : 60-9 
0 % : 10 — 30% 

[0 0 7 8] BPS, ±ELfcfie*©X'y*>$TO0fflfiR 

r>tct>\ v*^*m&-& : &z>ztK^)s'ox-v=?-y?m 

ft* tCOT'X >y * y^VDfflflPtf SS ft o fc 0 
[0 0 7 9] *©*S$, *^t«kSffl^J:b*ffifflLft 

[0 0 8 0] 7x/n 

[0081] ra-3t\ «fflft/^-^ «pjcffis*^r-r 
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[0 0 8 2] ±Bbte*3»fl»c«*, x-v^y^ffi 

[0 08 3] $ fc C <D)l£J:b©§EHl*l©x >y f-y 
i^-Kly f- y ^"T* * * C 4: A^5 , x >v f - > V'&iDmfe 

[0 0 8 4] $fctaiffl-'^->o«fiETtt, 
lM<:t^>'j3y©X7f> ?"3SJg A^ ft± U IK 
ifctffaJbt sc tfrZ, flaPFWefcofcSS l o o 

[0 0 8 5] 5"J 3 y<DlsHBS£l4, flfifcfx -y^y? 
^ff^l^i, 2 0 r pmJMTx »3:L<tf:l r pm« 
[0 0 8 6] Sfcx-yf->^3«a*lRl±*H3rSlctt^ x 

c fcA*nJfi6ftfc«>, g^OS"J^ x-y^-y^soja 
- &x -v ^ y BJtl kflioft. 

[008 7] *»WCKT, 'J 3 ygPM 1 1 (DX. 

U xi y H7?14x >y ^ y £*f a x >y ^ y ^EJStf S 

jK0«»flH-#£*Tfett3 c i: A^5> , x yf-yfm&ff 
il< , ^fca5fcft0l!JWi:T*x«y?-y^tf&O* A«feU& 

[0 0 8 8] X> fBjS£ft3xy*y^0ttaB>/<* 

[oo8 9] fi^oT, ^yjnygp^i lOmBSfi 

A<2 0 r pmJW±0*^Ktt. »a[0»»*S*tTW-H 

g|5©x -y ^ y tm < * t) x «y ^ y ^ty £ jm*L 
[0090] coffiiRitt, ^MyJxiySM*<D[H]$£fJ6 

A<2 0~1 r pmfiOSBBTfc, g£fci:/hS^tfg=Ff8£ 

foilStf 1 r pm«Ttt5WSL^. . 
[009 1] -75, SKxyf-y^SfigK&T, SlSy 
Un>gPtt©|p||EiiJtA^0. 0 1 r pmUTF©*&fc 

a, SR^"j3ysu«*iHi(g*-i*sa!i«^a<, w±x 
•y^y^A^-r^o 

[0 0 9 2] iJ-pt, *«wt»w-*s«s"j3>aw 

1 1 ©HfSjigti, 0. 0 1 r pm~2 Orpm, jf?S 
L<«, 0. 0 1 r pm~l r p m, «fct)»* b<«4 
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0. 0 1 r pm~0 • 0 9 r pmTS^ ^SfSSg 

[0 0 9 3] Mtcte, x-y^y^(Dffl^tcSgLTtt, 
^*©»*DItCffl V^?> x -y f- y ^©ffifigjrt J: D 
JEl/MKH-pfc*, 7--y»l~5 0%JWTv 5ill~90 
%WT, W»l~9O%WT0g£it*flMJLTfc, *l 
10 -*x>y^yyffiSthV^-yjg^tTd*A^Rltli:^ 

[0 0 9 4] -73, *«Wt«S3Kx-y^y^73ffifc: 

So 

[0095] $l&as?», mffim^mtmii, y^m 

20 -BI»-B1S*X >y ^ y <7*$ i: Lfc y 'J n y^ttx >y 

£ 5 0 /i mU±<Di/ 'J xiy/^-y^rffM-rstctijiL 

T(/^A^fCo 

[0 0 9 6] X, ^^<0^0«S»ft*ffl*^t)-&fc*ia 
14, 

CD ya-feXASffmcK^*, 
© yy ny£XMxXA^£-f 3*, 
30 ® SWJtA^ng**<4&ft^* 
H©P«gMA^LTV^3 0 
[0 0 9 7] -73, ^^;l/V7.^7tt, & (A u) * * 

x-y^y^tCilbTV^o 

[0098] ^L^A^, «>U3yjc><*;l/*it8i£Bi 
1-3fcx-y^yyppt?ifg4:W^JiPlM*«0^*fetit3 
p( ^ ; WMUt 5^, y U =i y x -y ^ y <f® v x ^ o 

40 t/\, 

[0099] *^fcfi*^Ttt, ±15 bfc-y v zi ygm 
-yffMA^i:^3o 

[0 10 0] *8ffifcffftflH<0lH*J: LTtt, Wiltf, 
p/r^O-y U x! yg|Jtt*B5o^ffi*^-K:x <y ^ y ?f 3 
KISU x-y^y^^^tyjailtSrtt, S^'Jny 
SBJ©»x -y f-y yaffi^SKx -y *2/^«©KiElC*J 

50 yy«*»±««K:tH9Lft*S'P, ^KS/ynyffitf 
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[o i o i] Xs mizftiowMt LTti^ m^©s/'jn 

yffl#£ffi<DBie£#*l&*1-3»i:l6U x-y^y^ 

y y a ygB#Sffi£*f LTit^-T SfiEfrMMME'f'iSi: 10 
LT, aK*>'j3>ai5tt*iSaST»|Hie*Hi:5«t«IS 

[0 10 2] *fEWK»a-«±ISffi«KKO^Tli, ±!B 

2 0 r pmWTW8£-f S*#S£L<» X, Slx^ 

K>. BTDs : 2-1 : 30 

Co l 0 3] Ht, SBxyf-yiTOfcfifrtts&jSSM) 20 
il^Jttf » 7 -v & 1 - 5 0 % WT, SB® 1 ~ 5 0 %W 
Tx Bltl~9 0%fi(Tt?S5«fe»*L^. 

[0 10 4] -7a. SI&x-y^y^M^tt^gix 
^^jBIWtt, SIBix -y f-yftigftWBjUfre, % 

[0105] uT^^mm^y'f-y^tk^m'r 
■r^^tD^y^y^mmommuc-D^r, mmz% 

[0106] sp-fe, mztts *%.wiasi<i?>m 1 ©jh* 
mnffiMv&z.o 30 
[0107] X7fy^*ai3 1 \cm^r. ®mm®3 
4 tti, 77^1-50%, »i~ioo %s mm 1 

~1 : 3 0©«EH©S^itK'«taxyf->dfjK^aAS 

nr*t>, ^oiswttt, ^y^yft&zmntzrctb 

©flW? 3 4a #188* ft, fll}$2§ 3 4 b Ic «fc •) 

[0 10 8] SfcX'y^y^jgtt, ->*-^U3 4 

x., Xy^y^gWdrf 40 
[0 10 9] v"Jnyg|5STfe5v"Jny^ B s B ft3 3© 
X-yf-y^IISSti, Sffi*/l/2"— 3 2lC«fcoTX-y 
^y^ffiBfcWLT* KMCHSSn, x-y^y^g 

[oi io] ss*;i/^-3 gffirttis^&nfc 

^Er-^3 5 a^«toTiS*3 1 c*fit>»3leliIgf5o 

[0111] *-*©ftfr!Hc#ffiji/\yF;i/3 
Rrtli:**. 50 
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[0 1 12] x-y^y^|*7&, >"J3^S3 3 «S 
32tht, lcHt£tiik&m 3 6 ic&Kj U jjt 

[0 113] x«y^y^SM*^3 lRtfSffi*;!/^- 

3 2$fctett$3 1 c, ±143 1 aftifOSKiePtt, H 

<E»tt'>y 3yx-y^-y^©ffl3fticji»rt»#s. 

[0 1 1 4] 0 4 fi % *SWtfe^Sm2©^#0!%^ 

[0 115] *^ft^Jt^^Tl±, iftO$/U3>tSA 
— fitxvf-y^-rs*aT?aB'3, gMfct*©© 
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[0 117] Sftt-^Oftb!3C?afflAyK;M 5 
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4 a&.Zfm.m% 4 4 bx-y^y^«0«a*i6ij»-r5»> 
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mMt^fei. 0 $fc£HiegflU8& 0T«**ffl^fe 

[0131] 
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[EIiSOfBi**IttW] 

[01] El Hi, *«Wt«fcSx-vf-y^a<DS*« 



If M 2000-340541 
16 

[0 2] 0 2t4, *»Hi:ffi*SE«rlcJ:*x-yf-y^er 

[03] 03t4, *fgWCJ:Sx-y^>^SH©-ftft 
#9©ffi$«Jlt&fc&©0«IT*£3 o 
[0 4] 0 4J4, *aWtJ:Sxy^>^StHOfl&©^ 

ftMT*, a»o u n y*s&{*£-jsx vi-yftzm 

[0 5] 0 5t4, *56Wt«fc«xy^-^^aiI<OS'JO*' 
fcMX\ is l> a >tSftft^li*x >y 9 y Ft 5 «£<D& 

[06] 06t4, *»WK:»^5, f'Jn^fti:! 

[0 7] 0 7&, «CKi«->'j3yg B a B »oi7f 

[08] 0 8tt, a»OX7f>^STfti;5l«l 

v^y?*mmtz>tctb<Dmx$>z> 0 

[09] 09t±, ^^->rtt*5»t«X*yf-y^a 

[01 0] 01 0&4, Se*<OX-y^->^rS-p4i:SS 
HfX'yf-y^*RWrSfe»<0H-P*5. 

[01 1] 01 U4, >"j3>$£ F B if*©^©x-yf-y 
ffi^r^-T 5 fcfe©07?S So 

[01 2] 01 2t4, fiesfeKK^SS/ya^fgaftOx 
•y f - y PtiWtW&t S fcVXO mv& So 

[ft^©iaf$] 

1 l ->'J nygtfft 
1 2-x-yf->y«fl| 
1 3-X'y^y^ 

i A -x.v^yfwm 
i 5-x7fyyn 

1 6-BH£ttl 

3 1, 4 1, 5 1 -x-y^yygS 

3 1a, 4 1a, 5 1 a-®te±fft 

3 1c, 4 1c, 5 1 c--tt$ 

3 2, 4 2, 5 2 a jf— 

3 3, 4 3, 5 3— ^'Jn^gW, ->'j3yfe B B ft 

3 4, 4 4, 5 4-X-^yy-lS 

34a, 44a, 54 a 

3 4 b, 4 4 b, 5 4 b •••«#« 

3 4 c, 4 4 c, 5 4 c 2-^7, 

35a, 45a, 55a 

3 5 b, 4 5 b, 5 5 b-.rO/KJl/ 

3 6, 4 6, 5 6-8t#« 

5 2-a^* 



(10) 



2000 — 34054 1 



can 



[02] 



[03] 



35b 




[0 4] 



[05] 




31 • • 
31 • • 
31 a • 
32" 
33" 

34 ■ ■ 
34a • 
3 4b ' 
34o 

35 o 
36b 
3C ■ 



•Sli 

- CM 

• J3<9 
•tiff* 



[06] 



■aen 

■«» 

• an*- 

• aim 



B 1 • " 
BU ' 

5 1 o 
SB-*- 
62b 
53 • 

6 4 • 
3 4 . 
S4b 
6 4c 
66 a 
6 5b 
50 • 



•£lt 

• ffiffl 

• &n 

• Ml? • 

- o^-f/u 

• ^? 



61a 



61c 




[07] 



71 




6 1 a * 
6 1b" 

6U' 

aid 

62 ' 
6 3 " 
6 4 • 
6 5 • 
6 6 ■ 
6 1 ' 



[0 1 1] 



1 2] 



7 1 
7 1 i 
7 2 
7 3 
7 4 - 



•mm 




111 
112 
113 




121 
122 
123 



(11) 



ftffl 2000-340541 



[08] 



[09] 



8 1 

8 2 
8 3 
B 4 



01 82 



~> *) Z} > 





92 - • • ;t4P»T(W©Xv^V^ft 



II 0] 




1 O 1 • • ■ >'J3W*?tt 
102* • ■ 

103" • g£86*J*2l**v?JBtt 



(72)38®S *** HIP F£-A(#^) 4K057 WA04 WB06 \VD10 WE02 WE07 

JgJ5lfftiE2£T@ 7# 1 4§ B*S^« WE12 WG10 WM01 WM11 WM13 

WN01 

(72)#80J1# SlS 5F043 AA02 BB02 DD30 EE04 EE08 

mMfP?§E25:Tg7#l^ B**mtt EE35 FF01 FF07 FF10 



